Background: Many black persons in South Africa have been subjected to urbanisation and urbanisation has led to a significant increase in diseases of lifestyle. The determinants of hypertension in a population in transition have not been well-defined and there is a pressing need for observational epidemiological studies as well as randomised-controlled trials in populations from Africa. The aim of this study was to investigate the association between blood pressure and factors known to contribute to hypertension. Methods: The study sample consisted mainly of Setswana speaking people, divided into different levels (strata) of urbanisation, namely stratum 1 (rural) to stratum 5 (urbanised). A total of 1821 black subjects, which included 1040 woman, were recruited and randomly selected from 37 sites from the four geographical quarters of the North West Province of South Africa. The following questionnaires were used: demographic, anthropometric, quantitative food frequency, physical activity and scales to measure psychosocial variables. Biochemical analysis (standardised methods) were done on the serum and plasma of the subjects and the
Introduction
Hypertension is a major public health concern in the urbanised black population in South Africa, 1 including the Northwest Province. [1] [2] [3] Approximately 6.5 million South Africans have a blood pressure (BP) above 140/95 mm Hg and 3.2 million above 160/95 mm Hg. 4 With the increase in urbanisation in South Africa, many black people have been subjected to a process of rapid urbanisation which may lead to social and cultural disruption causing increased levels of stress. 5, 6 Whatever the mechanism, urbanisation in South Africa has led to a significant increase in diseases of lifestyle like hypertension, diabetes, coronary heart disease and cerebrovascular disease.
In South Africa the most common secondary identifiable cause of hypertension is bilateral renal disease. 4 The determinants of hypertension in a population in transition have not been well-defined and there is a pressing need for observational epidemiological studies as well as randomised controlled trials in populations from Africa, to provide evidence about the risks associated with blood pressure and other risk factors. Importantly, such research would obviate the need to extrapolate from research conducted in other geographically and ethnically distinct populations. 7 The THUSA study was designed to assess the relationships between the level of urbanisation (strata) and measures of health status in the black population of the North West Province in South Africa. The objectives were: to assess the rate of hypertension in apparently healthy black subjects in the North West Province; to assess the relationship between blood pressure and socio-economic factors, dietary intakes (total energy, total fat, saturated fat, alcohol and sodium), levels of physical activity, the use of contraceptive methods by women, anthropometric measures and psychosocial variables as well as certain serum hormones, and to assess the relationship between risk factors for cardiovascular disease (cigarette smoking, family history of hypertension and stroke, plasma fibrinogen, serum lipids and insulin) and blood pressure. The hypothesis of this part of the study was to investigate the association between blood pressure and known factors that may be related and contribute to the rate of hypertension in Setswana speaking subjects from the North West Province.
Methods
Levels of urbanisation had to be defined in order to plan the drawing of a sample from the study population. The definitions of urban and rural used in epidemiological research should not be a universally prescribed definition, but rather a definition determined by the aim of the study. 8 In South African communities the population of a city also include people living in the peri-urban fringe area or the greater metropolitan area. Given the aim of the THUSA study, subjects who stayed only temporarily in the city or a rural area were not included in the study sample. In the THUSA study, besides two rural strata (people living in tribal areas, stratum 1 and people living on farms, stratum 2), three different strata of urbanisation were distinguished for urban subjects, namely stratum 3 for the subjects living in informal settlements, stratum 4 for subjects living in established townships with full access to water and electricity and stratum 5 for fully westernised subjects living in western-type houses in upper-class suburbs.
With the assistance of a biostatistician, 37 study sites were randomly selected from the four geographical quarters of the North West Province, after studying the database compiled from census data, with proportionally more sites in densely populated areas. Visits were made to these sites during the weeks preceding the collection of data, in order to get permission from government officials and tribal chiefs to work in the area and to notify the local community of the visit of the research team. Since research is strange to many of the black people in the province and rural communities are often suspicious, randomisation of a sample is sometimes unacceptable to the study population. 9 Because of logistic reasons and the fact that volunteers had to be used for blood sampling, a total random sample of subjects was not possible. However subjects were recruited from 37 randomly selected sites throughout the North West Province. This convenience sample was acceptable because the objectives of the study was to examine the influence of urbanisation and not the prevalence nor the incidence of hypertension. During a period of 5 days at each site all volunteers were recruited according to inclusion criteria, which were apparently healthy men and women 15-70 years of age. Exclusion criteria were pregnancy, lactation, casual visitors, drunkenness and treatment for chronic diseases, for example hypertension and diabetes mellitus, mental diseases or other serious diseases. Volunteers who did not meet the inclusion criteria were screened for hypertension and diabetes mellitus and referred for treatment where necessary. Subjects were grouped into five age deciles. A convenience sample of all volunteers who complied with the inclusion criteria was recruited from each of 37 sites over a period of 2 years (1996 and 1997). A total of 1821 subjects, of which 1040 were women, were included in the study. All measurements were not necessarily done on all subjects.
Local organisers assisted in the recruitment of subjects and had to ensure that the subjects fasted overnight prior to the day of the study. A field laboratory was established in each centre for the processing of blood samples. The following questionnaires were developed specifically for the THUSA study population, according to the abovementioned objectives: a demographic questionnaire (n = 1821), a quantitative food frequency questionnaire (QFFQ) and a food portion picture book 10 (n = 1821), and a physical activity questionnaire (n = 946) based on the Baecke scale.
11 Psychosocial variables were measured by adapted versions of the Strategic Approach to Coping Scale (SACS), 12 Perceived Social Support Scale (PSS), 13 Affectometer 2 (AFM), 14 Individualism-Collectivism Scale (I-C), 15 and African Acculturation Scale (AAS) based on the work of Landrine and Klonoff. 16 These tests were adapted for the Setswana population by Stapelberg and Wissing, 17 Wissing et al, 18 Moroeng and Wissing 19 and Choabi and Wissing. 20 Setswana speaking black women were trained as fieldworkers to assist Setswana mother-tongue speaking psychologists in administration of the questionnaires in Setswana or English. The dietary data including alcohol intake were coded and analysed using a computer programme based on the South African Food Composition Tables. 21 The physical activity data were coded and analysed according to the Baecke scoring system. 11 For anthropometric measurements subjects were examined wearing only their underwear. Weight was determined on a portable electronic scale (Precision Health Scale, A&D Company, Japan) to the nearest 0.1 kg and height was measured to the nearest 0.5 cm with a stadiometer (Invicta, IP 1465, UK). Subjects were without shoes, standing upright with the head in the Frankfort plane for height measurements. The body mass index (BMI) in kg/m 2 was calculated from weight divided by height squared. Waist circumference was measured at the midpoint between the lower rib margin and the iliac crest, and the hip measurement at the maximal circumference of the buttock with a 7-mm wide flexible steel tape (Holtain). Waist:hip ratio (WHR) was calculated from waist and hip circumferences. Trained biokineticists did all the anthropometric measurements.
Blood samples were drawn from the vena cephalica or medial cubital vein of the subjects and plasma and serum were prepared according to standard methods. Biochemical analyses (serum lipids and insulin, plasma fibrinogen, renin, cortisol and testosterone) were done in independent laboratories, using standardised methods as shown in Table 1 . The Ethics Committee of the Potchefstroom University approved the study and the subjects gave informed consent.
Blood pressure (BP) was measured according to WHO guidelines 7 after a 5-min rest in the sitting position. Two readings at 3-min intervals were obtained using a table-model sphygmomanometer (Model ALPK2, Tycos ® USA). The second reading was used in each instance. An appropriately large cuff was used for obese subjects. The diastolic pressure was taken as the point of disappearance of the Korotkoff (phase V) sounds.
Statistical analyses were performed by using SPSS software. 22 Due to skewed distributions fasting serum insulin and plasma fibrinogen concentrations were logarithmically transformed. For descriptive statistics, results were expressed as medians, as well as means, standard deviation and 95% confidence intervals (CI). Multivariate analyses and stepwise regression analyses were used to assess the association between systolic and diastolic blood pressure as dependent variables and the following independent variables: age, smoking status (range 0-1), stratum of urbanisation, sociodemographic variables, serum lipids, plasma fibrinogen and fasting serum insulin (log transformed), anthropometric variables, physical activity score, psychosocial variables, dietary intakes and hormone concentrations. The partial Spearman rank-order correlation coefficients with adjustment for age and smoking were calculated to assess the relationship between both systolic and diastolic blood pressure and the independent variables named above. Stepwise regression analyses were done to determine the most significant determinants of increased systolic (SBP) and diastolic blood pressure (DBP) in this population. The mean SBP and DBP of the subjects according to age groups and strata of urbanisation are shown in Table 2 , in comparison to those reported elsewhere. The percentage of the subjects from the different strata, who had systolic and diastolic blood pressures greater than 140 and 90 mm Hg, according to the WHO cut-off points, 7 are shown in Table 3 . Of the total sample 22.8% of the subjects had systolic, and 20.7% diastolic blood pressures above 140/90 mm Hg. on the day of the study. Males and females from stratum 1 to 4 showed increases of high blood pressure with the highest rate in stratum 3 and lowest in stratum 5. The rate of mild hypertension in stratum 3 was 32.9% for systolic and 25.1% for diastolic pressure respectively. A high percentage of the female subjects (25.2%) were overweight and 28.6% were obese (BMI Ͼ30). The highest prevalence of obesity (36.3%) was found in the subjects living in the formal urban middle-class areas (stratum 4), with high percentages of obese women in the age groups 35-44 years (39.0%), 45-54 years (35.2%) and 55-65 years (38.7%) across all strata of urbanisation. More women in stratum 4 had a WHR exceeding the cut-off point of 0.80, especially subjects in the 35-44 year (45.9%) and 45-54 year (48.8%) age groups. Anthropometric data of the subjects are summarised in Table 4 .
The mean self-reported fat intake of the subjects was relatively low (56.4 ± 26.4 g/day, 24.7% of the energy), and could, however, be inaccurate. There was no significant association between the total fat intake of the subjects and their blood pressure, but the subjects living in the urban areas (strata 3 to 5) had higher fat intakes than the subjects living in rural areas (strata 1 and 2), and they also had higher mean blood pressures. It was difficult to measure sodium chloride intake accurately, because the subjects could not report the volume or weight or table salt used in cooking or at the table. No significant association between any dietary variable, including alcohol intake and blood pressure could be found.
Most of the women were relatively inactive, while most of the men were classified as very active, according to the calculated PAI (Table 5) . No significant association between physical activity index and blood pressure could be found in the subjects.
Of the total of 943 female subjects interviewed for contraceptive use, 100 were sterilised and 326 reported current use of a contraceptive method, 72 ± 9 7 6 ± 9 7 8 ± 12 82 ± 13 82 ± 11 a THUSA study, 1996-1998. a Strata: stratum 1 = deep rural, stratum 2 = farm-workers, stratum 3 = living in informal settlements, stratum 4 = living in established middle-class townships, stratum 5 = living in upper-class urban areas. namely contraceptive injections (255 subjects), oral contraceptive agents (61 subjects), intra-uterine device (8 subjects) and condoms only (2 subjects). The mean age-adjusted blood pressure of oral contraceptive users was 123 ± 19/76 ± 15, compared to 124 ± 20/78 ± 14 of contraceptive injection users. The differences in mean age-adjusted blood pressure between each pair of groups were not statistically significant, when measured with pairwise comparisons. The mean age-adjusted blood pressure of the subjects not using any contraceptive method was 123 ± 20/77 ± 14. The statistically significant associations between BP and other variables found with multivariate analyses are summarised in Table 6 . Significant positive associations between both systolic and diastolic BP and age and stratum of urbanisation, respectively, were found in both male and female subjects. A significant negative association between level of education and SBP was found in women, also significant positive associations between BP and WHR and smoking. DBP in women was also significantly associated with BMI and serum triglyceride concentration. None of the other variables, namely hormone levels or other dietary variables were significantly associated with blood pressure in the subjects. In the stepwise regression analyses the variables as shown in Table 7 were significantly associated with BP. The psychosocial variables that correlated significantly with systolic and diastolic BP are shown in Table 8 .
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In the stepwise regression model, with systolic and diastolic BP as the dependent variable and physical activity index score, age, educational category, household income category, smoking, anthropometric variables and dietary intakes as independent variables, age (P = 0.0001) and stratum of urbanisation (P = 0.011) were significant predictors of systolic blood pressure in men and women. 
In female subjects these two variables, together with total serum cholesterol, low-density lipoprotein (LDL) cholesterol, BMI and s-GGT explained 30.2% of the variance in SBP. The variables that were significantly associated with DBP in women were stratum of urbanisation (P = 0.0001), waist circumference (WC) (P = 0.0001), log transformed fasting serum insulin (P = 0.001) and snuff taking (P = 0.007), which explained 30.1% of the variance in DBP.
The mean age-adjusted resting pulse rates of the subjects per stratum of urbanisation are shown in Table 9 . The highest mean pulse rates were found in subjects in stratum 3, which represents the newcomers to the urban areas who live in informal shacks on the peri-urban fringe. It is of interest that the second highest pulse rates were found in rural subjects (stratum 1). In men, no significant differences were found between the mean age-adjusted pulse rates of any of the strata, while the mean ageadjusted pulse rate of women in stratum 5 (urban upper-class) was significantly lower than those of female subjects in other strata (Table 9 ).
Discussion
The mean BP per age group in the THUSA study sample was similar to the prevalence reported by Seedat 23 for South African black people and higher than that reported for black South Africans in the Cape Peninsula, 24 but lower than the mean blood pressures reported for the Free State study sample 25 ( Table 2 ). In the Free State study at two different places the prevalence of hypertension was 24% and 21.7% which closely resembles the rate in the North West Province (see Table 3 ) of South Africa. From studies done in wage-earning populations in West Africa between 1987 and 1996 the prevalence of hypertension varied between 18 and 68% in a spe- Table 7 Stepwise regression of SBP and DBP as dependent variables with independent variables, regression coefficients beta (␤) and level of significance, P cific age group. [26] [27] [28] [29] In the eastern Mediterranean region, the prevalence of hypertension (BP Ͼ140/90 mm Hg) was 27% in urban and 10% in rural people. 30 In stratum 3 of the study reported here (people living in informal settlements), the rate of systolic hypertension is greater than the rate of diastolic hypertension, but on the contrary in stratum 5 the rate of systolic hypertension is much smaller than that of diastolic hypertension. This could probably be explained by the fact that the people from stratum 3 is a population in transition with a large load of unfamiliar stimuli that they need to process and their cardiovascular system is in a hyperkinetic state where the cardiac output and heart rates are high with high systolic pressure and normal vascular resistance. 31 The highest mean age-adjusted resting pulse rates of the subjects per stratum of urbanisation were found in subjects from stratum 3 ( Table 9 ). Within the people from stratum 5 with a rate of high DBP, the cardiovascular system may be adapted to a high vascular resistance and a more sustained type of hypertension with normal cardiac output and heart rate. 31 The decrease in the rate of hypertension in people from stratum 5, people living in upper-class urban areas could probably be explained by the fact that they have more access to medical facilities and are more health conscious, 8 and feel more in control of their situation. The finding of higher pulse rates in rural subjects also is similar to that found by M'Buyamba-Kabungu et al 32 in Zaire, who reported higher mean pulse rates in rural subjects than in established urban dwellers. The authors concluded that rural subjects may be more stressed by experimental procedures than urban subjects, with consequent higher pulse rates and possibly also higher blood pressure at the day of the study. 32 Multivariate analyses showed that age was significantly associated with blood pressure (P = 0.0001). The mean BP of the subjects increased with age from the youngest age group and peaked at the age category of 55-64 years. This pattern of change in BP with age is consistent with the reports of other research groups. 24, 25 About one-third of the subjects smoke (33.9%). In many developing countries the lowest smoking rates are found among people at the lowest socio-economic levels. With increasing levels of income, smoking rates rise to a point and then fall in people with higher education or the highest income levels. The decrease in smoking rates is probably due to the responsiveness of people in higher social classes to the impact of health education messages. 8 No association between smoking and blood pressure was found in men with multivariate analysis in this study, but in women smoking was statistically significantly associated with both systolic and diastolic BP ( Table 6 ). The lack of association in men may be due to other factors being more important determinants of BP in this male population. The lack of association of physical activity with BP could be explained on the same basis.
Independent variable
No association between the psychosocial variables measured and BP could be found in multivariate analyses and regression analyses. Statistically significant correlations between some of the psychosocial variables and BP were, however, found (Table 8) . Variables associated with BP were coping strategies (SACS), perceived social support from family and friends (PSS), aspects of acculturation (AAS), and individualism vs collectivism (I-C), as well as prevalence of negative or positive affect (AFM). The pattern of correlations between BP and psychosocial variables differs in some aspects for men and women. Apparently other dimensions of psychosocial stress which were not measured could also be involved.
Cross-sectional studies show non-directional relationships and cannot distinguish the sequence of events or establish a causal relationship. 33 In the stepwise regression model with a number of independent variables and BP (systolic and diastolic separately) as dependent variables, age and stratum of urbanisation showed the highest significant association with SBP (P = 0.0001 for both) in male and female subjects and may be the most important factors having an effect on the BP of black South Africans in the North West Province. In women total serum cholesterol, LDL-cholesterol, BMI and s-GGT were also significantly associated with SBP. Using the regression model with DBP, WC, stratum of urbanisation, logarithmically transformed fasting serum insulin and snuff taking were significant predictors of DBP in women. Obesity and hypertension are frequently associated, but the pathophysiological link between these two conditions is not entirely clear. 34, 35 Hsueh and Buchanan 36 also reported a stronger association in women than in men. The primary defect of obesity-associated hypertension seems to be some abnormality in kidney function, responsible for a shift in pressor natriuresis, leading to increased extra-cellular volume and therefore an increased cardiac output. 37 The mechanisms underlying the shift in pressor natriurJournal of Human Hypertension esis apparently consist of an enhancement of tubular sodium reabsorption. The inability to adequately suppress angiotensin II formation when salt intake is increased, may be a determinant of the salt sensitivity of obesity-related hypertension. 38 The higher dietary sodium chloride content of the western diet is an environmental factor that may interact with genetically determined 'salt sensitivity' of Africans. The role of genetic markers that determine salt sensitivity has, however, not been clearly defined. 39 In the present study it was difficult to measure total sodium chloride intake, since the amount of salt added to food before and after food preparation cannot be quantified accurately. Due to this reason, as well as the fact that 24-h sodium excretion could not be measured in the study sample, the role of sodium balance as a determinant of hypertension is not clear.
The development of hypertension indicates an increase in peripheral vascular resistance, since peripheral resistance does not adapt to increased cardiac output. These mechanisms may be related to insulin resistance, responsible for the enhancement of pressor activity of noradrenaline and angiotensin II. It is, however, possible that insulin resistance and hypertension simply coexist in overweight subjects, without a causal relationship. 37 Using stepwise regression analyses only DBP of female subjects was significantly associated with log transformed fasting insulin (Table 7) .
To conclude, it seems that the manifestation of hypertension depends critically on lifestyle factors, 40 like dietary and other factors, predisposing the subjects to overweight, as well as cultural factors and acculturation processes as part of urbanisation. With urbanisation or westernisation there is probably an increase in sympathetic outflow, 41 which may be a consequence of psychosocial stress, causing the higher rate of hypertension in people from stratum 3, people living in informal settlements. The endothelium of the hyperkinetic cardiovascular system of people from stratum 3 are probably exposed to high sheer stress which could lead to damage of the endothelium and subsequent atherosclerosis and sustained hypertension in their later life. 42 
